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Subjeet: ILaboratory investigation of 2 Clausen-Plerce Universal
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The problem, ZEarly in 1945 the design department submitted to the
laboratory a drawing of a lateral turnout which was to pass flows up to
end inecluding 5 second-fest, The flow through this turnout wasz ta be
controlled by an orifice zate, The lahoratory was asked to build & model
of the struecture and investigete the use of various measuring devices
for detsrmining the flow thrﬂﬁgh the lateral,

Hoet practical methods of measuring the flow had been %ried and
found to be unsuccessful in one way or ancther when attention was called
to the Clausen-FPlerce Thiversel Welr Gage. It was reguesisd that the
laboratory obtain one of these g=ges and investigate the prnssibilities
of using it to measure flow through the orifice turaouts. Sheuld the
gege perform as indicated by the company, it would be ideal for the
lateral turnout measurements, :

Summary. A A-foot weir gaze was obtalned from a field project for
teating in the laboratory. The test program consisted of enly a few
runs on eech of several types of weirs under hoth free-flow and submerzed
conditions. Several fully supvressed weirs 44,75 inches wide and of
various heizhts were tested. The creats of these welrs were 2 inched

wide, Later, the weirs were shortened to 2 feet, This change caused

‘end contracticnz which were eliminatsd by placing 2- by 2-inch pieces

en the upstream facea of the weirs parsllel tc the aldes of the notches
and back 1.5 inches =s shown in Sketch 13, Pagze §. ZElimination of the

and zontractilons was necessary since the welr sage was celibrated for



fully suppressed weirs., Next a test was made on a 2-foot fully suppresssd

- welr with a crest consisting of a pisce of l2-gaze galvanized iron set

4 foet above the channel flpor.

In every test the discharges recorded by the weir gagze werse nizher
than those recorded by the laboratory venturi meters. The maximum dev-
iaetion was 19.7 percent. There was no definits pattern of error in the
series of tests. Some tests consisted of reading the zaze several times
For the same discharge. It was shown that one men reading the same dis-
charge over the sams weir attained an accurac} ef only 2 percent in
repeated obssrvations. The brief data indicates that Ereater ececuracy
is obtainable with a free-flowing weir or with a very definite drop in
water surface across the crest of a submerzed weir.

The welr zage was badly worn end battered, & condition whieh might
possibly cause the large error in readings. Therafore it was returned
to the project and testing delayed until a new 4-foot gage was obtained
from the Clausen-Pierce Company.

Tests with the new gage were made in & channel 5 feet wide., Tha
seme types of weirs were tested as with the other gage axcept that no
tests were made on the weir of 1E-gaﬁa metal mentioned above. Im
addition, twe weirs 5 feet wide with crest widths of 3-5/8 inches were
tested., In almost every run the dischargs recorded by the gaze was legs
then that recorded by the laboratory venturi meters. The maximum dev-
iation was 10.8 percent. Generally speaking, the readings which were
most accurate and those which were high were obained on free-flowing
weirs, or on weirs havins a definite drop in water surface across the
crest,

The data obtained by the laboratory is not comolete end should nmot
be taken as conclusive. However, the erratic readings and megnitude of
error indieated by this date was sufficient to werrant the recommendation
that these zazes not be leassad For water measurement on this praject
without further study. I% was also recommended thet a more complete and
exhaustive test program with these zazes be ocarried out by %hie labor-

atory af scne future dote.
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3y the general nature of the calitration of the Clsusen-Plerce
Welr Gege it is seen to be immractiesl for zccurate uge on such a wide
variety of weirs as may be expected on irrisstion-weter distributlon
aystems. It is resscnable to expect that a welr gzage of this tyoe cal-
ibrated on & particulsr type or style of weir, submerzed or free-flowing,
would be accurate for any weir of that style, chape end zettines, Howerver,
the dezree of submerzence, weter-surfmce drop, contractions, approach
conditions, including velocity, ete., affect the calibration; therefore
the zage is nct as widely apnlicable as is sometimes beliaved,

Princinle of the Clausen-Plerce Welr Gage, Messrs. (lansen and

Plerce firat developed a rule for measuring water over a free-flowing
weir,l/ The inventors worked on the theory that the reloeity he&dlmight
be transformed into siatic head by introducing an obstruection into the
atream at the ecrest and obsarvinz the heizht to which the water would
climb the face. They fizured that this should zive the theoretical head
in the hasic free-weir formula, Q==GLHI/EEE;_h, whiech would only need
modification by introduction of the walue for the coefficient of dis-
charge 0, to give the correct flow. Knowing the value of Q, and H, they
were able to determine the value of C, which applied. The upstream face
of the rule was graduated to read the discharze corresponding to the
partlicular heads for 1 inch of length of weir crest., This simplicity
made 1t possible for a ditch rider to determine sccurstely the deliv-
eries of water over free—flowing weirs by holding the rule wertically
on the creat and reading the highast wetted gradustion on its fape, This
number, muliiplied by the width of the welr ig the disecharze in the unit
gredusted on the red. The rule was callbrated to zive most zccurate
results with Cipmolattl or fully suppressed weirs,

In the Salt Hiver Vallsy the submerzed weir is far more common then

the frea-flowingz weir., This led Clauzan and Fisrecs to davelop what is

1/Lippincott, J. B., "Hydramlie Measuring Stick," Yeatern Construc-
tion News, Volume b, 1929, Paze 424,
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imown as the "double weir zaze" to be used on either type of weir.
They worked on the besis that the discharze over a submergzed weir is
composed of two parts, the pertion above the level of the downstream
surface of the water being regzarded as a free-flowing weir and the por-
tlon telow that level as = submersed orifice. To arrive at the discharzs
of = submerged weir, both the upstiream and the downstream heads miet ba
determined. The method of obtaining the upstream head hed already been
solved in the "single zage," The remaining problem involved discov—
ing a method of determining the downstream head and a way of helding the
rod on the crest with the zero greduation at the level of the lower head.
The final solution consisted of a plain glass mancmeter tuhe attached to
the back of the rod, Figure 1. It hed a hole slightly less than 1/15 inch
in diameter in the bottom closed by a neadle valve with 1ta stem extend-
ing up through the tube and projecting through the top to form a conven-
ient handle. A second member was added to the "sinzle rule" to form an
extension rod similar to & Fhiladelphia leveling rod. The menometer is
attached to the metal slides which form a part of the front seetion and
held it to the back section, This permits the manometer to he lowered
or rzised while the back section is held stationery on the crest. A
8liding vernier scale iz attached to the mznometer for satting the water
level in the tube. On the back section of the rod, adjscent to the
vernisr scale, iz the "C" smcale on which is read the downstream head of
2 submerged weir. The zero of the "C" seale is the foot of the rod ag
is also the zero of the "A" and "B" scales, On the front section of ths
rod, adjacent to the "C" seesls, is 2 vernier for settinz the zero of the
front sectlon a2t the level of the downstream head,

The theeretical formula, Q= GCA KEEH_, with a suitable coeffisient
0, zives the discharsze of the orifice corresponding to the same head
determined zraphiezlly by the welr zege, A gatisfactory coefficlent wnp
determined by experiment, and a second scale zraduated on the upstream
faee of the rod by the side of the fres-flowing weir scale, or "A" sesle,

The secend seale, or "3" scale zives the discharge for each asquare inch
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of submarged orifice. The back head or "O" acale reading zives the
height of the orifice., This is multiplied by the number read at the
highest wash on the orifice scale to obtain the discharge of the sub-
merged orifice for each lineal inch of weir crest, This dischargze
added to the discharge per lineal inch of the free—flowing weir and ths
sum multiplied by the length of the weir zives the taotal discharge.
Operation of the szage.on free—flowing weirs, There ers a few

simple prescautions to be obaserved to obtain accuracy on & free-flowing
weir, according to the instruetions:

1. The discharge mmst be fres. That is, there must he o

. clear drop fram the crest to the surface of the water
-balow.

2. Air must have fres access under the falling shest of

water,

3. The weir crest should be practically lsvel and the face

substantially wvertical.

4. The weir should be at rizht sngles to the flow of the

water,

53« In the choice of 2 weir site, whether free-flowing
or submerged, the location should he on a straizht-
away end sufficiently far from gates, checks, or
other structures creatinz weve action, to assurs &
reasonably smooth sppreoach at the weir,

The company states,in their sales literature, that an slahorzte
walr structure 1s not required for using this gage. The 1ip on the craat
of the weir need be only slightly above the bottom of the channel, and
the length of the crest should be practically agqual to the bottem width
of the channel. A wide latitude is sllowable in the choice of a welr
erest, which may be either 1-, 2-, or 9-inch material, whichever is most
eonvenient. Thia is f{rue of elther a free-flowing or 2 submerzsd weir,
Provided the rod is held on the center of the crest of sither a free-
flowlnz or a submergsd weir, a little variation from level in the crast

or plumbneds on the face of the weir is neglisidle. If isimportant %o




appraciate this, 22 it removes any uncertainty which mizht be felt as
to the sccuracy of messurements made in a erude structure or by means
of roush flash bozrds set in an existing structure.

Acecording to J. B. Lippincott,l/sn immediate temporery decresaze in
the rate of flow results from introducing the rule into the stream and,
sapeclally in 2 long channel, some time will be reguired for the back-
water curve to become stabilized and for the original rate of flow Lo ba
re-established., Thie 4s true for elther type of welr. In practice, how-
ever, 1t was found that whatever inscuouracy may exist dua to this condi-
tion, the selectlon of the coefficient C. in the formula made it possible
to zel measurements 3o close to the indiceticns of the comtrol used, that
the differsnees was not messuresble, When the width of the wair wes
redneced, the readingzs would naturally be somwhat high, but even at &
width of Z fe=t or under, the error was less than 5 percent, It was dis-
covered that & contracted weir could be easily converted to a suppressed
welr by nalling 2- by 2-inch strips on the upsiream face of the weir,
parallel to the slides of the notch and set back about 2 inches. Then
the vein of water wlll he made to atart ils contracilon before reachning
the sdge of the weir notch and the edze of the stream will then pass
throush the noteh normel to it and without any decrease in section, 23
ghown on Sketeh 1, Page §.

A = Cantracted Je%

B - Supprassed Jat

SEEICE 1

1/ i3, Pase 3,
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A definlte determination of the height of splasﬁ against the rad

may be obftained by wetting the face of the rod and throwing dry dust
agalnst 1t. When held wertically on the welr crest, free-flowing or
submerged, the gagze will be washed claan to a sharp line indicating the
higheet surge of water, The reading should be taken preclieely at this
line to obtailn the correct result., This entirely eliminates the per-
sonal equaztion, The reading on the "A? scale is the discharge per linsal

inch of free-flowing weir in the units gradusted on the gage, Front =nd

slde views of the gzage are shown in Figure 1. An illustrstion of the

use of the gage on a free-flowinz weir is shown in Fizurs 2,

Cperation of the gzge on pubmerged welrs, All but the first two

precautions mentioned under free-flowing weire apply to the submerzed

welr, In determining the flow over a submerged weir, the first operation

is %o obtain the submergence or back head. The glass tube on the baek of the
rod is filled with water by holding it under the surface with the neadles
valve open, The valve is then closed and the rod held on the welr crest,

facing upstream, as shown ir Figure 3, with the front gectlion of the rod

raleed until the bottom of the tube is Just below the surfece on the down-
stream slde of the weir., The nesdle walve is ooened and after the water

has attained a constant level in the manometer tubs, the valve iz again

cloesed. The water will then stand in the tubs at the helght of the down-

stream head, givinz the amount of submergence of the welr. The zero of

the gliding vernier is then set at the l=vel of the water in the tube and
a reading made on the "C" geele, In the setting shown in Figure 2, the

reading 1s 8,36, which i3 the beck hesd in inches,

For the second operatlon, the front section of the rod is relsed
end clamped with the foot at the reading on the "C" scale obiained in
operation ome, Figure 4, The rod is again held on the weir crast and
the readings of the "A" and "B" scalee recorded. The scalss are read
the same as wes described above for the free-flowing weir., The A" geale

reading in this example 1s 2.50 and is the dizchargze ner lineal inch of

crest for the free-flowing portion of the weir. The reading on the "3

acale ig 0,82 and is the coefficient of the submerzed orifice part of the

g reading of &.3

welr. Thie resdinz is multinli=a by the ngu

[,
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obtain 5,22 which is the dlscharze per lineal inch of the submerzed
orifice part of the weir, This Plus 2,50 zives 7,72 for tha total dis-
chargze per lineal inch of welr crest, For a 50-inch crest, the total
dischargze of the wair would he 384 Arizona Miner's Inches for this zaze,
An Arizona Miner's Ineh 45 equal to one-~fortiath of 2 second-foat,

= The Clausen-Fisrpe literature stztes that zn advantagze of the sub-
mergzed weir as used with the Clausen-Fierce Gage 15 the easa with which
it may be adapted tp changing conditions, In larsze ecanala, in sezsons
of low flow and consequent low head, refinement of measurements may bas |
cbtained at negliginle cost by raising the head on the welr throush intro-
duction of temvorary boards at tha sideg to narrow the weir ovening,
Lose of head due to accumulation of 2ilt or weeds may be quickly compen-
sated for by raising the weir grast enoush to zive the scant inch diffar-
ence which is suffiecisnt for the Bccurate operetion of the gaga,

Laboratory teets with a &-foot Clavsen-Pierce Weir Gaze, The firegt

test was on a fully suppressed weir consisting of a 2- by f-inch timhar,
4l-3/L inches long placed on edge in the hottom of a rectanzular channel,

All data accumilated in teats made Wi th the weir g2ze 13 shown in tables
wvhich follow,

TEST 1-1

Type of ;Run:Q by laboratory:Q by Clensen-Plerce:Difference:Parcent
welr 3 : venturi meter : Weir Ge=e 1 : differences
Submerged: 1 2,82 af : L,0f af ! D.2bhef @ ¥ 5,0
Submerged 2 3.55 af 3 L.n2 af i 0,L8 af ¢ t11,4
Submerged 3 : 3.56 ef : 3,90 gf ! 0.3 ef 5 o+ 8.7
Submerged 4 , 3,56 gf : b,32 af t 0478 8f 1 +17.6

The small drop in water surfsee seemad to be responsible for the wide
diverzence in readingg,
The second weir tested was the same as the first excent that 1t con-
sisted of two 2- by f-inch planks placed one on the ather in the same

channel, Seven ransg wers made on this wair,



TEST 1-2

Tyoe of Eun:Q by lahoratc“y Q by leusa“-Pierﬂe Differs egParcant

weir t venturi meter ; Welr Gage . 1 diffsrence
Submerged : 1 ; 3.55 af ¢ 3.88 sf : 0.33 eft + B,5
Submerged i 2 3 Y558 1 . 4.8 B - D.26 eft + 4.8
Submerzed : 3 3.55af L 42 gf ! 087 sf: +19.7
Submerged : 4 3 2.75 8f 1 2.83 =sf ! 0.08 sft + 2,8
Submerged ! 5 i 3.82 ef : k.02 ef ¢ 0.27 sf: + 5.0
Free—flow ! 6 ! 3.558f 3 3.69 af t Q.1 af: + 3.8
Tree-flow 1 7 3.55 af % 1,78 ef t 0,22 af! + 6,1

The third weir tested was the same as the second only with a third
2- by 6-inch timber placed on top of the first two. Six runs were made

on this weir,
PEST 1-3

Type of :BunsQ by laboratory:Q by Clausan—Fiarce:Difference:Percant

welr 1 t wventurl meter: Welr Gagze : ¢ diffarence
Submerged: 1 i 3,84 gf t ° L.39 ef "1 0.55 af: +13.0
Submerged: 2 1 .84 ef 3 L,0oB af :  B.2b aF: + £.9
Submerged: 3 1 3,84 sf t L. 15 sf ¢ 0,71 sf: + 8.1
Submerged: L : 2,36 sf ' 3.5 af : 0,21 sf: + 6.3
Free-flow: 5 .84 af : L, D& sf ! 8.22 ef: + 5,7
Free-flow: 5 : 3.8k sf ! L,02 sf :  0.18 sf: + L,B

The fourth weir was the same as number three excent that the crest
length was shortened to two feet, The resuliings weir had end contracticns
which were eliminated by placing two 2- by 2-inch pleces parsllel to the
edges of the notch and back 1-1/2 inches. ¥ine runs were made on this

walr,
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TEET 1-&

Type of :Run:( by laboratory:§ by Clausen-Fierce:Differsnce: Parcent

weir ! venturi meter ; Welr Goaza t 1 difference
Submergzed: 1 : 3.7 ef . L.07 sf : 0.38 8f 1 +9.7
Submergzed: 2 1 a7l af : .52 &f ! C.09 sf t 2.0
Submerzad: 3 i 3.71 ef 2 3.B2 af P02 ef 1+ 3,2
Submerzad: L 2,09 af ' 2.10 sf t 0,01 sf ¢ + 0.5
Submer=zed: 5 : 1,51 of : 1.73 sf t 0,12 gf t +8,9
Free-flow: 6 : .71 sf t 1,82 of ! 0.1 8f : + 2.9
Pree=flow: 7 : 3.71 8f : 1.78 sf t 0.07 sf ¢ +1.9
Free-flow: 8 i 3.71 8f ' 3.75 sf ! 0.04 of ¢ +1.,1
Free-flow: 9 : 1,61 sf ; 1,69 af ! 0,08 ef : +b,9

The fifth weir was 2 fest wide and consisted of two 2- by é-inch
timbers vlaced on edze, one on the other. The end contractions wera elim-
inated as in the case of Weir No. &, Two runs were made on this weir aub-
merged for & dlschargze of 1,71 seccnd-feet, In both coses the discharzes
recorded by the welr zege were hizh By 7 percent,

The sixth weir was made by placing two 2- by Af-inch timbers in the
bottom of a 2-foot rectangular channel, This formed a 2-foot fully sup-

pressed welr on which six runs were made,

[0

TIEET 1-

Type of : Runid by laboratory:Q by Clausen-Fierce Difference:Percant
wair : venturi meter : Weir Gazge : : differanca

*

Submerged: 1 : 3,85 af H L,o9 ef ! 0.2k af 15,9
Submerged: 2 3,85 gf : 3,08 st LI B - s
Submerged: 3 3,85 af £ b.t5 af : 0.0 af 1478
Submerged: L4 : 3,85 gf H L. 20 af ! 0.35 sf 143,11
Fres-flow: 5 3.85 sf : 3.87 af ! 0,02 af +0.5
Tree-flow: & : 3,85 &f : 3.98 af ! D13 af +7.L

The seventh weir was 2 feet wide szet in = 2-font ractanzmlsar channel,
The crest was made of 12-z=ge iron and wes set I faet =hove the hottam of
the channel fleer, There wers 13 runs made on thisg weip for frea-floy

concitlons enly. The discharszes recarded with the weir gz#2 in these runsa
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TEST 1-7

Type of i13uni] by ladorotory:Q by Clausen~-Pierce:DifferenceiParcent

weir t ? venturi meter : Weir Cage ; : differencs
Tree-flow ¢ 1 S.28 af ! 5.A2 af ! D.3K sfr + 4.8
Free-flow 1 2 1 5.26 sf - 5.58 ef !ODGIZ efy F OEL1L
Free-Tlow § 7 & .26 gt : .52 mf t 0.2 gfY + 4.9
Free=Tlow § 4 @ Lo?k af i k.95 af ! 0,19 sf1 + &L
Free-flow & § 3 L.7b gf r 5.0b4 sf : 0,30 sf: + 5,9
Free—flow @+ 5 @ b 7k af : s.04 af !t 0,30 sf: + 5.9
Frae-flow ! 7 : L,23 sf : L.56 of :t B8.3h afr 4+ 7.8
Free-flow @ 8 L.23 gf t b.sn af 1  0.27 sf: 4+ A4
Free-flow ! 9 : 3.55 sf : .72 sf t 0,17 ef: & 4.8
Free-flow :10 ¢ P - : .72 af H 8.17 sf: + L.8
Fres-flow :11 : 2.k3 of v 2,58 sf ! 0,15 sf: + 6,2
Fres—flow 112 @ 2.3 af : 2.53 §f t  B,10 sf: + N1
Free-flow 113 : 1.15 =f : 1.29 sf z 0.1 sf: +12.2

Leboratory tests with s lL_foot Clasusen-Pierce Weir Gare, The first
welr tested with this gage was made by placing a 3-5/8- by 3-5/8-inch

timber across the bottom of a 5-foot channel to form a fully suporessed
weir, Ten runs were made with this weilr,

Ta3T 2-1

Tyve of :Run:Q by laboratory: 3 by Clausen-Plerce:Difference:Percent

welr 2 t venturi meter : Weir Gage : ! diffarmnce
Submergzsd : 1 : 10,40 sf 9.84 af ¢t  0.56 sf! - 5.5
Submerzed : 2 i 11,90 &f @ 2.81 af : 1,19 =f: -10.9
Submerzed : 3 : 11,46 af 12,05 sf it 0.59 sfi + 4.9
Submerged : L @ 12,26 sf 13.456 sf ! 0,40 sf1 + 3.0
Submer=ed i 5 @ 1227 5F ¢ 12,45 &f T .98 efr + 3D
Submerzed : A 14,19 sf @ 14,98 sf t 079 8f: 4 5.6
Submerged : 7 : g,72 af .84 gf : D.88 sf: - 5.1
Submerzad @ 8 : 3.72 sf. i 9.12 af H 0,80 sf: _ £,2
Submerzed : 9 10,22 sf @ 2.27 sf ! B.98 af: - 9.3
Submerged 10 1 10.22 sf 1 3.30 sf t  0.92 8f: - 9.0
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In Bans 3 throush £ the discharges recorded by the weir Fazs wara
hizher than those indicated by the latoratory veniuri meter., Thers was
a stending weve downstream from the wedir in these rns, mezning that
there was & vary definite drop in weier surface acrosz the weir, Theos
wag little drop in water surface for the low discharges,

The second weir tested with the L-foot gaze consisted of another
3-5/8- by 3-5/B-inck timber placed on top of the weir used in the pre-
cedins teost and sirx runs mada,

TE3T 2-2

Type of :Bun:Q by laboratory:3 by Clausen-Pierce:Differsnce:Tercent

wair veaturl meter : Weir Gage : : difference
Submerged : 1 B,obk gf H Q.58 sf t 0,68 af » + E,7
Submerged : 2 T.22 gf 3 7.Uu2 af ! 0.20 af +4+ 2.7
Submerged : 3 : 10,38 af : 11,00 sf 1 0,52 sf 1 + 5.5
Submerged : 4 10,38 =f : 10.81 ef o 0.B3 sf 1+ 4.0
Submerzad : 5 1 16,38 ef H 19.75 =f ! 037 ef 1+ L
Free—flow : 6 : 11.8L gf : 11.70 af t Culdef 1 - 1.1

The third weir, 36 inches wide and fully suppressed, consisted of a
5-5/16= by 1-9/1%5-inch timber vlzced on edge in the bottom of & restans-
ular channel. Six runs were made on this weir, two of them with the weir

submarged.
TEST 2-3
Tyoe of iZun:Q by laboratery:Q by Clausen-Plerce:DiffarenceiParcent
welr 3 ¢ venturi meter : Weir Gage : t difference

Submerged: 1 @  10.47 sf : 10.45 sf + 0,03 sf1 + 0,2
Submerged: 2 2.71 sf : 9.20 sf H 0.51 sft — 5.3
Free-flow: @ : 12,39 of H 12,32 ef ¢ 0.7 bt - 5.0
Free—flow: 4 & 173,40 sf H 12,15 =af t 0,5k sfy — 4,1
Free-flow: 5 ! 12,09 8% 2 11,52 sf 1 D17 sFfs - 3.8
Free-flow: & : 11,30 sf i 11,20 sf + 0,10 =f: - 0.9

The fourth weis was the same as the third except that it was
10-5/8 inches abov= the chennel floor., Seven runs were made on this weir,

four of which were for submerzed conditions.
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TEST 2-L

Type of :Run:Q by laboratory:d by Clausen-Pisrca: iDifference:Percent

welr i venturi meter : Welr Cage H : differencs
Submerged: 1 9.65 sf 9.55 sf ! 0.00sf: 0.0
Submerged: 2 : 10.34 af 9.88 sf t O.46 8f 1 - b
Submerged: 3 : 11.22 gf 10,36 sf P 0,86 sf r _ 7.7
Submerged: 4 11,99 sf 11,20 =ef ! 0.798f : - £.6
Freg-flow: 5 8.94 af 8.4 gf ? 0.5k sf r _ A.D
Pree-flow: 5 i .57 sf B.4D ar t 0.B5 af : - 8,8
Fras—flow: 7 : 13,82 sf . 13,60 af Io0.22 af 1 - 1,4

The fifth weir was the seme =g the fourth excent that it was
21-1/k inches above the channel fleor, A1l four runs were mads with =
free-flowing weir,

TEST 2-5

Type of :Run:Q by laboratory:Q by Clausen-Pierce:2ifference:Percent

weir @ H vnnturi meter : Walr Gaese ! ! difference
Free-flow: 1 3 F.03 af : 8.12 af ! 091 sf ¢ —10.0
Free-flow: 2 9.72 of : 8.82 ar P00 ety g0
Pres—Slow: 3 : 10,19 af - .78 af t 0.Blaf: - 8.0
Prea—flow: L 11,20 af : 10.50 sf 1. D.70s8f : - 4,3

The sixth weir was 29-7/8 {nches wide, set in a 5-foot channel.
The crest was 21-1/4 inches high and 1-9/14 inches wide. The end con—
tractions on this weir were eliminatad by nailing two 2- by 2-inch atr ipg
parallel to the notch and back 1-1/2 inches, Thras rung were made on
this weir,
THST 2-5

Type of:Bun:g by laboratory:Q by Clausen-Pisrce:Diffarence:Farcent

wair ! venturl meter : Weir Gage H : difference
Submerged: 1 b_37 af - 4,15 sf i 0.21 sfF 7
Tree-flow: 2 : .90 af s E.53 &f P G337 st - 8,3
Free-flow: 3 : 6.63 of - £.12 af ! 051 sf: - 7,7

pur
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The seventh weir was the same as the aixth except that it was
only 15-15/16 inches sbove the channel floor. There were 2ix runs mada

on this weir, twe of them for submerzed conditions,

TEST 2-7

Type of:Run:? by laboratory:Q by Clausen-Pierce:Difference:Percent

weir 1 ¢ venturi meter : Weir Cags t : difference
Submerzed: 1 : L,BS af L, 29 af ! 0.3 s8f : - 7.8
Submergzed: 2 5.858 sf & 5.72 &f $ 0.4 af - 2.4
Free-flow: 3 9,19 sf B.9¢ =f ! 0.23 8f : - 2.5
Free-flow: 4 10,07 sf : 2,54 of P o053 efr - g2
Free-flow: 5 11,153 ef 10.53 s&f P 0.50 8f + - 5.4
Free-flow: A : 11,27 af 10,60 sf : D87 8f ¢ - B2

The eighth weir was the same ae the gixth and seventh weirs excent
that the crest was only 10-5/8 inches ahove the botbeom of the channel,

Four runs were made, two of them on = submerzed weir,

TEST 2.8

Type of:Fun:Q by laboratory:3 by Clausen-Pierce:Differences:Percent

welp venturi meter : Welr Gaze : i differance
Submerged: 1 : 9,06 sf @ 8.7k af ! D32 efr - 3.5
Submerzed: 2 10.2L af 10,30 af : 0.06 ef ¢+ .5
Free-flow: 3 : 12,05 sf 12,17 af r GudZ T ¢ t 1.0
Freo-flow: L : 13,49 aof 12,22 &f P 0.k7 sf ¢ - 3,4

The ninth weir wss the same as the eizhth except that the orest
was only 5-5/16 inches abave the chennsl floor., Sixtesn runs wers made
on this weir, nine of them on = free-flowing weir, Ir Runs % and 7, on
a submerged weir, there ware 10-1/2 inches difference in the water

surface salevations shove snd helow the wair,



Type ofiRun:Q by lsboratory:Q by Cleusen-Fierce:Differome:Parcent

s ma

welr : venturi meter : Welr Gage : ! difference
Submerged: 1 : .53 f 3 3.65 af ¢ 8028 ¢ + 0,2
Submerged: 2 : Lb3 gf @ L.30 sf ! 0,13ef 2 - 2.9
Submerged; 3 : 8,85 af H 10,33 af t 0.18 sf + 1.8
Submerged: U4 : 11,35 af 11.23 ef t O.02.efy = 301
Submerged: 5 13.05 af 12,75 of ! 0,30 sFy - Z.p
Submerged: & : 16,00 sf 16.15 =f 7 0.15ef ¢ +.1.0
Submerzed: 7 : 16,00 sf @ 16,22 sf : 0,22 gf ¢ +1,b
Free—flow: & @ L,a5 ef @ 3.88 st ! O0.bL7 sf @ -10.8
Free-flow!l 3 ! 9.28 af 9,56 sf ! Q.32 By =P
Free-flow:ld 10,23 sf ¥ .30 af ¥ 033 af 3 .
Freae-flow:ll : 11.25 af 10,92 of ! D43 8f 3 - 3,8
Free-flow:l2 : 11.25 st % 10.97 sf i 028 8f 2 -—2.04
Free-flow:ld 12.91 ef ¢ 12,52 sf ¢ 0.39af : - 30D
Frea-flow:ll 3 3,65 sf H 13.30 =&f ¢ B.35 sf ¢t - 2,5
Free-flow:ls : 15.6 af & 15.50 &f : 0.1bL af - 0.8
Free-flow:lh 15,64 sf 3 15.50 af : Ok sf: -0.8

It will be noticed that sll but one of the dlscharges recardsd
with the £-foot zaze obtained from the field vroject ware higher thean
those indicated by the laboratory venturl meter. OFf the 42 raadings
made with the new “-foot gzmze, only 16 were hi=h and none of them extremely
0. At present this lsboratory has no explanstion as to why one cage
would read high and the other ﬁne low, unless the 4two zEges were cali-
brated under entirely different circumstances, The most accurste resd-
inge obtained with the f-foct zaze wers on free-flowing wairs or on weirsg
having a very definite drop in weter surface across the crss:. The
hizhest accuracy of readings cbtained with the new L-foot gage was about
equally divided Detwesn the two typea of weirs,
: The curve shown in Fizure 5 is 2 calibration of the Clausen—Pierce
Meter made by Cornell University. The weir from which the data was
taken for plotting this curve wes sharp-crested and located 4n an ideal

gltuation. OCne series of 13 runs madse by this laboratory on a 2-foot
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sharp-crested weir showed only one resdins within an accuracy of

4 mercent, The Clsusen-Pierce litersture indicates that accurste read-
ings may be chteined by placing any tyne of hoard zcroes the bottom of
& pnatural chapnel +n glve a drop in water surface, and that only one
readings need be made en such an arrangement, Most of the data compiled
by this lshoratory polints to the fact that &ny one reading may be inac-
curzte by zeveral percent.. Eing's Handbook of Hydranlies recommends
that, where accuracy ig important, the head over a weir should rapresent
e mean of 10 4o 20 readlngs taken at intervals of approximately 30

er

seconds. These resdinzs are to he made on gages set in 8tilling-wells,

The accuracy of ths Clausen-Flerce Gagze ia suonosadly rapresented
by data obtained under ideal conditions on a sharp-crested wair, This
tyoe of weirsis not recommended for field use, neither have any results
of field tests besn nresented by the company,

This laboratory conducted its testa in rectansulsr channels havings
smooth walls and floors, The weirswere get vertical to the channel floor
end at risht angles to the directien of flow, The timbers used faor weir
eresis were souared and plsned, which the company does not sugzest ag
being necessary. The tests were made under much more idesl conditions
than would exlst in the fisld or would be necessary according to the
information issued by the company,

In the Ausust 25, 1529, ilssue of Western Construetion News an inde-

rendent author deseribes the development and use of the Clausen-Fierce
Welr Gaze, Therein are three tasts listed as conducted by Engineers

F. J. QO'Hara 2n@ 7. A. Hayden of the Szlt River Valley Water Usera!
Association, In these tests readings were observed on the free-flow
control weir and on weirs of varicus grest widths and lengths under both
free-flow and submerged conditions. These observaiions wers avereged
and, fortunately for the g2ge comnany, the results obtained were almost

identiczal with the control discherzes,
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This laboratory does not undarstand why readinzs obtained under
such variabls conditions should be averaged, unless there wers several
welrs of different types in the canal on which readingss could bhe takan
as 2 check. In the event that more than ocne readins was taken, it would
seem mcre reasonable to chserve several readinzs on one weir and aversze
them for the final result, It would appesar that = better rrocedures would
be to averagze the submerged weir readings and the free-flow weir read-
inge separately. In this way ome would lmow the general cheractaristics
of the zzge for the two typ&‘;l of weirs, and could correet the readingss
if neceassary.

Water has become 8o valuable in recent years that is must ba divided
with the highest desgree of accuracy. On the basis of the data chtained
by this leboratory, the Clausen-Pierce Weir Gage cannot be recommend ed
for weier subdivision on Buresu vprojects without calibration in indivi-
dual structures. It appears that the gage is net as widely aprlicabhle
as the company represents it for seccurate meagurement of water. The
gaze undoubtedly has a2 number of distinat advantages and if ealibrated
and used in individnal strueturag should zive results squal in accuracy

to other mors cumbarsome but betier recognized methods of measursment,
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CLAUSFN-PIERCE

No pettings afe reqitired and
only one seale bs read In gaak-
lsig measuremenis over a free
flowing welr, The uge [
held vertically on tho crest of
the weir anid Seale "A” on the
Faon of the cod [See nlctoie ad
Eeftl 14 read ad the peint of
highesi run-up nr  splash
agalnatd the face. This read-
Ing gives the in
Boe,-Fl,, Miner's Ineles, gal-
lans per minitlo or whatever
unii is praduoated on the rod,
For une inch in lengih of weit
orest.  Thls #cals reading,
mulbiplied by the Temgih of
the éresl In Inches, Is the total
discharge.

UNIVERSAL WEIR GACE

FIGURE 1



pey On a free flow-
] ing weir the gage
= is used closed, as
o shown.

The rear sec-
tion and atiach-
= ments are used
il only on submerg-
ed weirs.

el M
B bt _Sirge or soiasth
— E—H__._‘___H Fezd Seaie A Aera

Using universal gage on free-flowing weir.
The weir-crest in skeich is & 2-inch plank.

CLAUSEN-PIERCE UNIVERSAL WEIR GAGE

FIGURFE 2




Mezsuring the beck head on 2 submerged weir.

CLAUSEN-PIERCE UNIVERSAL WEIR GAGE

IGUHE
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FICORE 4

Me=suring the discharge over the free-flow portion of

ubmerged welr.

CLAUSEN-PIEHCE UNIVEARSAL WEIR GA
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